A 14-year-old Chinese boy with Duchenne's Muscular Dystrophy underwent a posterior spinal fusion and Texas Scottish Rite Hospital instrumentation for deteriorating scoliosis of the thoracolumbar spine. He was anaesthetized using a target-controlled infusion (TCI) of propofol and an alfentanil infusion supplemented by nitrous oxide. Seven hours into the procedure he suddenly developed a broad complex bradycardia followed by asysole from which he was promptly resuscitated. The operation was completed and he suffered no neurological deficit. The possible cause of this event in view of the risk of cardiac and metabolic complications in Duchenne's Muscular Dystrophy is discussed and the anaesthetic technique utilized in this case is described.
features of DMD. He had a resting pulse rate of 120 beat.min-1 with a regular rhythm. Cardiac and pulmonary auscultation were normal and his blood pressure was 130/80 mmHg. Chest radiography revealed no pathological findings apart from the scoliosis. ECG showed a sinus tachycardia, Q waves in the inferior leads and tall R waves over the right precordium with an increased ratio of RIS amplitude.
Transthoracic echocardiography was reported as showing mild impairment of left ventricular contractility, left ventricular end-diastolic length 4.5 cm and left ventricular end-systolic length 3.4 cm, and a shortening fraction of 26%. Pulmonary function tests demonstrated moderate restriction with a FVC and FEV 1 approximately 70070, and a maximum voluntary ventilation rate 80070 of that predicted. Serum urea, electrolytes, calcium, phosphate and liver function tests were within the normal range, while creatinine phosphokinase and lactate deyhydrogenase were elevated at 1850 and 619 VII respectively.
The patient was premedicated with temazepam. Monitoring was started with a five-lead ECG, pulse oximeter, and an automated non-invasive blood pressure device (Datex AS3). A large-bore intravenous cannula and a radial arterial cannula (for direct blood pressure measurement) were inserted under local anaesthesia and the intravenous line was connected to a fluid warming infusion system. In view of the unexplained pyrexia following previous general anaesthetic exposure and the association of this disease with a malignant hyperpyrexia-type syndrome, it was considered prudent to avoid known trigger agents. An intravenous anaesthetic technique using separate infusions of propofol and alfentanil supplemented with 65070 nitrous oxide in oxygen was chosen.
The propofol infusion model consisted of an Ohmeda 9000 syringe pump (Medishield, u.K.) interfaced to an IVC 9000 pharmacokinetic controller Anaesthesia and Intensive Care, Vol. 23, No. 5, October 1995 (Anaesthesia Technology Ltd, England) programmed with pharmacokinetic data for a patient population, adjusted for the patient's age and weight. This device enables propofol to be administered to a theoretical target plasma concentration calculated mathematically by the delivery system algorithm (three compartment model). The patient was asked to breathe 100070 oxygen through a Bain circuit and the target plasma concentration of propofol was increased in 1 p.g increments to 4 p.g/ml at which point the patient tolerated an oropharyngeal airway. After establishing that ventilation was possible, he was given atracurium and a bolus dose of alfentanil. Subsequent tracheal intubation resulted in minimal change to heart rate and blood pressure and controlled mechanical ventilation was commenced with a vapour-free anaesthetic machine and ventilator. A CVP line was inserted and an alfentanil infusion started. Ausems and colleagues! have measured the plasma concentration of alfentanil required to supplement nitrous oxide anaesthesia in terms of a 50070 response to skin incision. We calculated the bolus dose and maintenance infusion requirements to achieve this (279 ng/ml) in our patient using pharmacokinetic data published by Heykants and colleagues 2 (bolus dose 37 p.g/kg followed by 1.05 p.g/kg/min infusion). Further monitoring consisted of capnography, oxygen and nitrous oxide concentration analysis, temperature, oesophageal stethoscope, urine output and spinal cord monitoring using somatosensory cortical evoked potentials.
The patient was then placed in the prone position with the abdomen free. Moderate hypocapnia (PaC02 4kPa) was produced with ventilation and his CVP at this time was 6 cm H20. Mean arterial blood pressure decreased from 95 mmHg preinduction to 70 mmHg before commencement of surgery and was maintained around this level throughout, avoiding supplementary hypotensive agents. The depth of anaesthesia was controlled by adjusting the target blood propofol concentration according to clinical signs, in much the same way as one would adjust a vaporizer. Fluids and blood were administered according to measured and estimated losses, packed cell volume and cardiovascular parameters, the CVP being maintained between 6 and 9 cm H2O. Serum potassium and arterial blood gases were regularly measured and were within the normal range.
Seven hours into the procedure the patient suddenly developed a broad complex bradycardia rapidly progressing to asystole, which was associated with a cessation of cardiac output reflected in the direct arterial blood pressure and ETC02. Adrenaline 0.5 mg was administered via the CVP line and intravenous agents and nitrous oxide were discontinued, as we prepared to supinate the patient for resuscitation. However, this initial treatment resulted in a return to sinus rhythm and rapid restoration of blood pressure. An adrenaline infusion was commenced but he was quickly weaned from this. Anaesthesia was recommenced as before. His core temperature at this time was 36.5°C. The operation was completed within 45 minutes and the patient awakened promptly at this time. He was transferred to the intensive care unit where he was awake and rational enough to properly use a PCA morphine pump. There were no further episodes of haemodynamic instability and he was successfully weaned from ventilation and extubated the following day. There was no awareness of intraoperative events.
DISCUSSION
Duchenne type is the most common (1 in 3300 male births) and most severe form of muscular dystrophy. It is a sex-linked recessive trait. Defects in the dystrophin gene lead to the loss of dystrophinassociated proteins in both skeletal and cardiac muscle, so that cardiomyopathy occurs in a high proportion of these patients worsening with age. 3 Involvement of the chest muscles and diaphragm causes progressive respiratory weakness and limitation manifested by restrictive changes in pulmonary function. This is exacerbated by the development of kyphoscoliosis.
Children with DMD have a high risk of developing significant perioperative cardiac complications. Suxamethonium and volatile inhalational agents appear to be an important factor, primarily because of their ability to precipitate malignant hyperpyrexia (MH) or myocardial dysfunction. It has been suggested that DMD is associated with an increased incidence of MH4 which was of concern in this patient in view of the history of postoperative pyrexia. At present the in vitro contracture test is still the most reliable diagnostic procedure for MH susceptibility. However, a retrospective study of 350 patients who had undergone such testing showed a significant number of boys with proven Duchenne or Becker muscular dystrophy who suffered anaesthetic complications with MH-like symptoms despite only one testing positive for MHsusceptibility. This may be the result of a variety of non-specific complications associated with signs of acute disruption of muscle which may share a common pathophysiology to MH but are not related. Although many apparently uneventful anaesthetics have been given to patients with DMD, from a clinical viewpoint it would seem prudent to treat all DMD patients as if they are MH-susceptible and anaesthetize them avoiding all agents thought to trigger rhabdomyolysis.
Propofol is not thought to be a trigger agent for MH and its safe use has been reported previously in the anaesthetic management of DMD 6 . 7 • We used a pharmacokinetic model driven computer-controlled device to produce a slow, controlled induction of anaesthesia followed by blood levels easily adaptable to the patient's varying needs with fast recovery. The predicted plasma propofollevels required in our patient varied from 1 to 5 p.g/ml at different stages of the procedure and the total propofol consumption over eight hours was 1,5lO mg with supplementation from nitrous oxide (70070 in oxygen) and alfentanil (total dose 19 mg). Although the predicted plasma drug level can be adjusted to achieve certain predetermined anaesthetic end points, it is important to remember that these levels may not be accurately reflected in an individual patient and the level chosen should also be guided by clinical judgement of the depth of anaesthesia.
Full preoperative cardiac assessment is very important in patients with known DMD as the absence of symptoms usually elicited on exertion is meaningless in patients who are unable to exercise because of muscular weakness. The ECG is abnormal in 70 to 90% of patients 8 and has a characteristic appearance with an elevated R/S ratio in Viand deep, narrow Q waves in leads I, V5 and V6. However, the ECG assumes this pattern early in life, changing infrequently despite disease progression and hence is not a useful index of the severity of cardiac involvement. Cardiac conduction defects occurred in half of one series 9 and were seen to progress with time. Sinus tachycardia is also quite common and is characteristically labile and unpredictable. Preoperative assessment, therefore, should include two-dimensional echocardiography as this will more reliably indicate the extent of cardiomyopathy. Typical findings are diminished left ventricular posterobasal contractibility (prolonged preejection period and shortened left ventricular ejection time) and mitral valve prolapse (because of involvement of the posterior papillary muscle)!O Many of the reported cardiac arrests have been attributed to an elevated serum potassium level in association with rhabdomyolysis;! which is in keeping with the type of asytolic cardiac arrest witnessed. Air embolism is a recognised complication in this type of surgery and has been reported in DMD;2 but it usually causes electromechanical dissociation rather than asystole. There were no obvious precipitating factors to suggest intense vagal stimulation as a cause. During this procedure we made regular analyses of serum potassium and levels measured shortly before and for 24 hours after the asystole episode were normal. CPK levels were also no higher than those measured preoperatively and there was no increase in body temperature which infers that rhabdomyolysis was unlikely. In common with other muscle diseases, intra-operative blood loss can be high and this was true of this procedure. Replacement was undertaken with a combination of crystalloid fluids and concentrated red cells guided by measured losses, PCV, CVP, blood pressure and urine output. These indicated that the patient was normovolaemic and gave no preceding sign of haemodynamic instability. The use of a balloontipped flow-directed pulmonary artery catheter for pulmonary artery wedge pressure and cardiac output measurement may have been a more accurate guide than CVP in such a patient and, where available, intraoperative transoesophageal echocardiography may well have a place in the early detection of wall motion abnormalities.
The most likely reason for bradydysrhythmia and subsequent asystole in this patient would seem to be an electrical conduction problem within the heart and/or primary myocardial muscle failure. Recent studies have demonstrated that propofol produces a depression of the baroreceptor response and a reduction in sympathetic outflow from the brain stem!3 The fall in blood pressure with propofol is due to a decrease in both cardiac output and systemic vascular resistance!' However, the precise effects of propofol on the myocardium are difficult to assess since some studies on isolated papillary muscle have found a concentration-dependent reduction in myocardial contractibility!5 while others have not found a significant change!6 It is possible that propofol had a compounding negative inotropic effect on a myopathic heart fatigued by the unaccustomed stress of major surgery. The fact that adrenaline had such a dramatic effect on improving his condition is interesting as these patients are notoriously difficult to resuscitate following asystole and perhaps the drug's rapid injection via the CVP line was important as other reports do not mention central venous access being available.
In view of the high risk of cardiac complications occurring in DMD, even when suxamethonium and volatile anaesthestic agents are avoided, this case report highlights the problems that can still arise and the importance of comprehensive haemodynamic monitoring and preparation.
